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Since its biochemical characterisation in 19911 and its
genetic identification in 1995,2 677C>T allele (T allele) of
the 5,10 methylenetetrahydrofolate reductase (MTHFR)

gene has been a focus of increasing interest from researchers
world wide. The expanding spectrum of common conditions
linked with the 677C>T allele now includes certain adverse
birth outcomes (including birth defects), pregnancy complica-
tions, cancers, adult cardiovascular diseases, and psychiatric
disorders.3–8 Although several of these associations remain
unconfirmed or controversial,4 their scope is such that it
becomes of interest to explore the geographical and ethnic
distribution of the allele and associated genotypes.9 Accurate
information on such distribution can contribute to studies of
gene-disease associations (by providing reference population
data) and population genetics (by highlighting geographical
and ethnic variations suggestive of evolutionary pressures),10

as well as help to evaluate health impact (by allowing
estimates of population attributable fraction).

Current population data, however, show gaps and even for
some ethnic groups or large geographical areas (for example,

China) few data are available.3 Our aim was to supplement the

available data by collecting a large and diverse sample of new-

borns from different geographical areas and ethnic groups,

and to examine international variations in the distribution of

the 677C>T allele. We present findings relating to more than

7000 newborns from 16 areas around the world.

MATERIALS AND METHODS
The study was conducted under the auspices of the

International Clearinghouse for Birth Defect Monitoring Sys-

tems (ICBDMS) and was coordinated through its head office,

the International Center on Birth Defects (ICBD).

Sample selection
Participating programmes, in consultation with the coordinat-

ing group, identified a population sampling approach that

would be simple yet minimise sampling bias with respect to

the MTHFR genotype. We made an explicit attempt to sample

systematically the newborn population. Details of each

programme’s approach are listed below, and further infor-

mation is available on request.

Generally, programmes chose one of two approaches. The

first approach used regional newborn screening programmes

as the source of samples. Typically, such an approach used a

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Authors are listed by alphabetical order of country with coordinating
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geographically defined birth population. In Atlanta, for exam-

ple, researchers visited the Georgia newborn screening

programme on different days over several weeks and selected

a 1 day collection of blood spots received by the laboratory

from children whose mothers resided in one of five counties in

Atlanta. Discussions with the director of the newborn screen-

ing programme indicated that day to day variability in the flow

of specimens from birth hospitals to the state laboratory was

negligible. The second approach relied on systematic sampling

directly from birth hospitals that were part of an established

network. In Spain, for example, staff collected specimens from

15 consecutive newborns at each hospital participating in the

ECEMC monitoring programme, which includes birth hospi-

tals from across Spain. Details for specific areas are

summarised below.

Australia, New South Wales
Specimens were obtained from the New South Wales newborn

screening programme, by selecting 100 consecutive newborn

screening cards on each of five consecutive days, excluding

repeat specimens, for a total of 500 specimens. All maternity

units in the state of New South Wales send their specimens to

the programme. Specimens consisted of blood remaining after

routine newborn screening tests had been completed.

Canada, Alberta
Specimens were taken from consecutive newborns from the

provincial newborn screening programme in Alberta. Speci-

mens consisted of the remaining blood spots used by the

newborn screening programme. The first 100 specimens of the

month were collected each month for four months.

China, northern and southern
Umbilical cord blood samples were collected from newborns

from major hospitals in 12 cities in China from March to

November 1998. One hundred consecutive samples were

requested from each hospital. The hospitals were in cities from

southern China (Wuhan, Nanjing, Guangzhou, and Chengdu)

and northern China (Yanbian, Urumchi, Changchun, Jinan,

Xi’an, Shenyang, Beijing, and Jilin). For homogeneity, only

newborns of Han ethnicity were included in the study.

Finland, Helsinki
Specimens originated from newborns in the major maternity

hospital in Finland, at the Helsinki University Hospital. Sam-

pling was restricted to babies whose parents were both Finns.

Specimens consisted of the remainder of umbilical blood

specimens for hypothyroidism screening. The latter are

collected for every newborn in Finland.

France, Strasbourg
Specimens were taken from consecutive newborns from new-

born screening centres in Département du Bas-Rhin, whose

births are also covered by the Strasbourg Birth Defects Regis-

try. Specimens consisted of the remainder of blood spots used

by the newborn screening programme.

Hungary
Specimens were taken from consecutive newborns. Specimens

were collected from the remainder of the blood spots from the

two newborn screening centres that operate in Hungary. For

twin pairs, only one of the pair, selected at random, was

included.

Israel, Tel Aviv
Specimens were taken from consecutive newborns from one

major university hospital in Tel Aviv and consisted of blood

spots.

Italy, Campania
Specimens were taken from consecutive newborns at three

hospitals in Campania (two in Avellino, one in Benevento).

Specimens consisted of the remainder of blood spots used by

the newborn screening programme.

Italy, Sicily
Specimens were taken from consecutive newborns from the

newborn screening programme in south east Sicily. Specimens

consisted of the remainder of blood spots used by the newborn

screening programme.

Italy, Veneto
Specimens were taken from consecutive newborns at one

hospital outside the town of Vicenza. The hospital was chosen

because it is an area hospital with 1200 births per year that has

good obstetric care but does not select for high risk pregnan-

cies. Specimens consisted of the remainder of blood spots used

by the newborn screening programme.

Mexico
Specimens were randomly selected from blood spots from

newborns born in hospitals that are part of the RYVEMCE

birth defect monitoring network in Mexico. Samples were

obtained from the remainder of the blood spot specimens col-

lected for hypothyroidism screening. Selection was stratified

to include equal numbers of males and females in the final

sample.

The Netherlands, northern region
Specimens were randomly chosen from newborns whose

mothers resided in the northern Netherlands. Specimens con-

sisted of the remainder of blood spots used by the newborn

screening programme.

Spain
Specimens were taken from consecutive newborns in 67 hos-

pitals of the National Health Service throughout Spain.

Essentially all babies in Spain are born in such hospitals. These

hospitals are part of ECEMC (Spanish Collaborative Study of

Key points

• Our objectives were to characterise the geographical
and ethnic distribution of the 677C>T allele (T allele) of
the MTHFR gene and its associated genotypes among
newborns around the world, using newborn screening
programs and birth hospitals. The participants were
7130 newborns of different ethnicities from 16 areas in
Europe, Asia, the Americas, the Middle East, and Aus-
tralia.

• The distribution of the allele showed marked ethnic and
geographical variation The homozygous TT genotype
was particularly common in northern China (20%),
southern Italy (26%), and Mexico (32%). There was also
some evidence for geographical gradients in Europe
(north to south increase) and China (north to south
decrease). The TT genotype frequency was low among
newborns of African ancestry, intermediate among
newborns of European origin, and high among
newborns of American Hispanic ancestry. Areas at the
extremes of the frequency distribution showed devia-
tions from Hardy-Weinberg expectations (Helsinki,
Finland, southern Italy, and southern China).

• This study, the largest to date, suggests the presence of
selective pressures leading to marked geographical and
ethnic variation in the frequency of the 677C>T allele.
Geneticists can benefit from these reference data when
examining links between the 677C>T allele and health
outcomes in diverse populations.
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Congenital Malformations), which monitors one quarter of all

births in Spain. Each hospital contributed specimens for 15

consecutive newborn infants during three selected months.

Specimens were collected at the same time as the blood spots

for the newborn screening programme.

Russia
Specimens were selected from the neonatal screening

programme that collects and banks specimens from 54

maternity hospitals in the Moscow area. All selected babies

were apparently free from congenital anomalies.

USA, Atlanta (Georgia)
Specimens were chosen from newborns whose mothers

resided in one of the five counties in metropolitan Atlanta, as

ascertained from information on the newborn screening card.

Staff visited the newborn screening programme four times

over two months. At each visit researchers selected at random

the specimens collected during one day and collected

specimens from the blood spots left over from newborn

screening.

Sample determination and data collection
We determined that a sample size of approximately 400 to 500

specimens per area would provide a reasonably precise

estimate (plus or minus 3%) for a genotype with 10%

frequency. Such a frequency is within the range reported for

the homozygous 677C>T (TT) genotype in many European

countries and among North Americans of European descent,

and is intermediate between the lower frequencies reported in

some populations of African descent, and the higher frequen-

cies reported in specimens from Mexico, Italy, and Hispanics

in the USA.3 Although 400 to 500 was the targeted number of

specimens per area, smaller sample sizes were accepted,

recognising that such samples would provide less precise esti-

mates. For each sample, researchers collected information on

sex and race/ethnicity. Ethnicity was determined from the

blood spot card (for example, in Atlanta), from maternal

interview (for example, Italy, Veneto, Spain), or from the last

name or birth place of the parent (for example, Australia). Not

all programmes collected all variables.

Human subject protection
Local review boards approved the study. In most cases

specimens were anonymised before testing. In all cases,

personal identifiers were removed before data were provided

to ICBD for epidemiological analysis.

Laboratory testing
Genomic DNA was isolated from blood spots collected on fil-

ter paper. The presence of the C>T change within the MTHFR
gene creates a HinfI restriction site that can be detected by

restriction enzyme digestion followed by electrophoresis.

Amplification of the MTHFR gene by the polymerase chain

reaction and detection of the T allele was performed using

protocols based on the method of Frosst et al.2

Five programmes (USA, China, Israel, Mexico, The Nether-

lands) tested their own specimens. All other specimens were

tested at a single laboratory (Naples, Italy). The laboratories

participated in proficiency testing to ensure inter-laboratory

Table 1 Allele and genotype frequency of the 677C>T allele of the MTHFR gene by area and ethnic origin

Area Sample No

Genotype (No)* Genotype (%) Allele frequency

CC CT TT

CC CT TT T

(%) (%) (%) 95% CI (%)

Europe
Italy, Sicily 468 138 236 94 29 50 20.1 16.7 to 24.0 45.3
Italy, Campania 500 172 196 132 34 39 26.4 22.7 to 30.4 46.0
Italy, Veneto

Italian whites 385 128 198 59 33 51 15.3 12.1 to 19.3 41.0
Others 47 27 15 5 57 32 10.6 4.6 to 22.6 26.6

Spain, multicentre
Spanish whites 601 265 265 71 44 44 11.8 9.5 to 14.6 33.9
Others 51 24 20 7 47 39 13.7 6.8 to 25.7 33.3

France, Strasbourg 178 72 85 21 40 48 11.8 7.8 to 17.4 35.7
The Netherlands 188 97 79 12 52 42 6.4 3.7 to 10.9 27.4
Finland, Helsinki 545 293 230 22 54 42 4.0 2.7 to 6.0 25.1
Hungary 378 165 171 42 44 45 11.1 8.3 to 14.7 33.7
Russia 587 312 234 41 53 40 7.0 5.2 to 9.3 26.9

Middle East
Israel 210 120 72 18 57 34 8.6 5.5 to 13.1 25.7

China
North, Han ethnicity 643 201 315 127 31 49 19.8 16.9 to 23.0 44.2
South, Han ethnicity 430 167 228 35 39 53 8.1 5.9 to 11.1 34.7

Oceania
Australia

Whites 288 146 119 23 51 41 8.0 5.4 to 11.7 28.6
Others 75 40 27 8 53 36 10.7 5.5 to 19.7 28.7

Americas
Mexico 500 91 248 161 18 50 32.2 28.3 to 36.4 57.0
USA, Atlanta

Whites 300 142 126 32 47 42 10.7 7.7 to 14.7 31.7
Blacks 298 231 59 8 78 20 2.7 1.4 to 5.2 12.6
Hispanics 62 22 29 11 35 47 17.7 10.2 to 29.0 41.1
Asian 26 16 9 1 62 35 3.8 0.7 to 18.9 21.2
Other, unknown 100 63 32 5 63 32 5.0 2.2 to 11.2 21.0

Canada, Alberta
Whites 240 136 90 14 57 38 5.8 3.5 to 9.6 24.6
Others 30 17 13 0 57 43 0.0 0.0 to 11.4 21.7

Total 7130

*TT, two 677C>T alleles; CT, one 677C>T allele; CC, no 677C>T allele.
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consistency. The proficiency testing consisted of the prepara-

tion of punches from 12 blood spots in one laboratory (CDC)

with a mix of genotypes (CC, CT, and TT). These genotypes

were confirmed by sequencing. Punches from these blood

spots were then sent to the other laboratories, which

performed DNA extraction followed by genotype assay. The

laboratories were blinded to the genotype of these specimens

as well as to the relative proportion of the genotypes. Results

from each laboratory were sent back to CDC for evaluation.

With the exception of one sample, which could not be ampli-

fied by four of the six laboratories, results showed complete

agreement across laboratories.

Statistical analysis
We computed the confidence intervals for proportions using

the Wilson score method without continuity correction.11 12

Deviation from Hardy-Weinberg equilibrium was tested by

chi-square analysis. In addition to allele frequencies, we

present genotype frequencies for the homozygous TT genotype

(two 677C>T alleles), the heterozygous CT genotype (one

677C>T allele), and the homozygous CC genotype (no

677C>T alleles).

RESULTS
We present data on 7130 newborns from 16 areas in the

Americas, Europe, Russia, China, and Australia. Amplification

rates for blood spots by geographical source were the

following: Italy, Sicily 89%, Italy, Campania 76%, Italy, Veneto

73%, Spain 69%, France, Strasbourg 78%, Finland, Helsinki

95%, Hungary 95%; Russia, Moscow 95%, Australia, New

South Wales 79%, Canada, Alberta 77%, USA, Atlanta 96%. By

comparison, a large Irish population based study using

newborn blood spots successfully genotyped 85% of collected

samples.13

Prevalence by geographical area and ethnicity
The allele and genotype distribution, by area and ethnicity, is

presented in table 1. The prevalence of the homozygous TT

genotype (two 677C>T alleles) is visually summarised in fig 1

for those groups with at least 50 subjects tested.

The distribution of the 677C>T allele showed regional and

ethnic variations. For example, the prevalence of the

homozygous TT genotype was 10-12% in several areas in

Europe (for example, Spain, France, and Hungary). However,

the prevalence appeared to be lower (4% and 6%, respectively)

in Finland, Helsinki and the northern Netherlands, whereas in

some areas in southern Europe it was much higher (26% and

20% in Campania and Sicily, respectively). In the Americas,

the frequency of the homozygous TT genotype was higher in

Mexico (32%), intermediate in Atlanta (11% among whites),

and somewhat lower in Alberta (6%). In Australia, TT

prevalence was 7.5% among whites.

Genotype varied by ethnicity as well as by geographical

location. For example, TT homozygosity was more common

among newborns from Mexico or those born in Atlanta of

Hispanic origin, intermediate among newborns of European

ancestry (for example, in Europe and North America), and

lower among newborns of African ancestry (for example, in

Atlanta and Veneto, Italy). However, a range of genotype

frequencies was evident even within broad ethnic groups. For

example, TT homozygosity among whites ranged from as low

as 6% in Alberta (Canada), to 7.5% in New South Wales (Aus-

tralia), to 11% in Atlanta (USA), to the high values already

noted for Italy. For other ethnic and racial groups, such

estimates are more unstable because of the smaller number of

specimens, but it is worth noting an apparently low frequency

of TT homozygosity among newborns of Asian origin from

Australia and Atlanta.

Hardy-Weinberg equilibrium
The observed distribution of the three genotypes (CC, CT, TT)

in most areas was similar to that expected under Hardy-

Weinberg equilibrium (table 2). This was true also among

males and females separately (data not shown). We found a

relative excess of TT homozygotes in Campania, Italy, and an

excess of heterozygotes in Helsinki, Finland and southern

China (p<0.05).

DISCUSSION
We documented distinctive geographical and racial/ethnic

variation in the prevalence of the 677C>T allele of the MTHFR
gene among a large international sample of newborns. The

several fold variation in the prevalence of the TT homozygous

genotype across the study areas (fig 1) was also consistent, in

some areas, with the presence of geographical gradients. In

Europe, for example, the prevalence of the TT genotype

increased in a roughly southerly direction, from low values in

the north (4-7% in Finland, Helsinki, northern Netherlands,

and Russia), to intermediate values (8-10%) in France and

Hungary, to higher values in southern Europe (12-15% in

Spain and northern Italy), peaking in southern Italy (20-26%

in Campania and Sicily). In North America, the frequency of

Figure 1 Prevalence of homozygous TT genotype (two 677C>T alleles) among newborns by area and ethnic background, ICBDMS 2003.
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TT homozygotes increased from western Canada (Alberta) to

south eastern United States (Atlanta) and peaked in Mexico.

Ethnic variation was apparent among and within geo-

graphical areas. In metropolitan Atlanta, for example, TT

homozygosity was common among newborns of Hispanic ori-

gin (15%), intermediate among those of European origin

(11%), and low among African-American newborns (3%).

These data are consistent with the high prevalence of TT

homozygosity among newborns from Mexico in this study

and with published data from the population based sample of

babies of Mexican ancestry from California.14 The low

prevalence among US blacks is similar to that reported in

pooled estimates of five studies on US blacks and three stud-

ies from sub-Saharan Africa3 as well as in later studies from

South Africa and Zimbabwe.15 16 The intermediate prevalence

among whites in Atlanta is consistent with similar rates

observed in several European areas in this and several other

studies.3 However, more detailed comparisons are difficult

because of the misclassification and imprecision of such

ethnic labels.

Of note is the finding in Australia of a lower prevalence of

the TT genotype among whites (7.5%) compared to previous

reports.17 Also, we noted a relatively low prevalence of the TT

genotype (5.8%) among the random sample of white

newborns in Alberta (Canada), compared to the frequency

(11%) reported in a previous study from Quebec (Canada).18

The latter study differed from ours in that newborns were

enrolled from a single university hospital in Montreal and

were selected, by design, so that their birth weights were at or

above the 10th centile.18

The high frequency of TT homozygotes observed in this

study among newborns from Mexico, northern China, and

southern Italy was notable. These findings confirm and

extend those previously reported from Mexico19 and southern

Italy.20 Why such high rates of TT homozygosity occur in these

regions is unclear, given the apparently limited ethnic, genetic,

or environmental commonalities among such areas. Research-
ers have suggested the possibility of heterozygote advantage
with respect to the risk for neural tube defects.21 However,
such a hypothesis remains unconfirmed. Nevertheless, further
exploration of gene-gene and gene-environment interaction
might help to identify the evolutionary pressures favouring a
high prevalence of this gene variant in certain areas and eth-
nic groups.

The impact of such geographical and ethnic variation on the
distribution of disease in the population is unclear. For exam-
ple, one would predict high rates of neural tube defects, whose
risk appears to be increased nearly two-fold in the presence of
677C>T homozygosity3 in those geographical areas or ethnic
groups with a high frequency of this genotype. The evidence
supporting such relations is mixed. For example, the data are
consistent for Mexico and northern China, which not only
have a very high frequency of the TT genotype but also high
rates of neural tube defect.22 23 Furthermore, within China,
rates of neural tube defect are higher in the north (where the
TT homozygous genotype is more common) than in the
south.23 In the United States, the rates of neural tube defects
historically have been higher among Hispanics, intermediate
among non-Hispanic whites, and lower among African-
Americans, a trend that follows the relative frequency of the
TT homozygous genotype.

There are, however, notable exceptions. In southern Italy, for
example, the TT genotype is common, but the rate of neural
tube defects is not particularly high.22 Nevertheless, such
exceptions are not entirely unexpected, because environmen-
tal and nutritional factors are likely to modulate considerably
the genetic risk for neural tube defects. In fact, these
exceptions might prove particularly valuable when investigat-
ing the aetiological heterogeneity and the role of interactions
in the occurrence of neural tube defects.

Similar analyses are possible with respect to other
outcomes. For example, recent meta-analyses showed associa-
tions of the TT genotype with ischaemic heart disease, deep

Table 2 Distribution of MTHFR genotypes, Hardy-Weinberg expectations, and p value

Area
Sample
No

Genotype (No) Observed/expected

p value, χ2CC CT TT CC CT TT

Europe
Italy, Sicily 468 138 236 94 1.0 1.0 1.0
Italy, Campania 500 172 196 132 1.2 0.8 1.2 p <0.05
Italy, Veneto

Italian whites 385 128 198 59 1.0 1.1 0.9
Spain, multicentre

Spanish whites 601 265 265 71 1.0 1.0 1.0
France, Strasbourg 178 72 85 21 1.0 1.0 0.9
The Netherlands 188 97 79 12 1.0 1.1 0.9
Finland, Helsinki 545 293 230 22 1.0 1.1 0.6 p <0.05
Hungary 378 165 171 42 1.0 1.0 1.0
Russia 587 312 234 41 1.0 1.0 1.0

Middle East
Israel 210 120 72 18 1.0 0.9 1.3

China
North, Han 643 201 315 127 1.0 1.0 1.0
South, Han 430 167 228 35 0.9 1.2 0.7 p <0.05

Oceania
Australia

Whites 288 146 119 23 1.0 1.0 1.0
Americas

Mexico 500 91 248 161 1.0 1.0 1.0
USA, Atlanta

Whites 300 142 126 32 1.0 1.0 1.1
Blacks 298 231 59 8 1.0 0.9 1.7
Hispanics 62 22 29 11 1.0 1.0 1.0
Asian 26 16 9 1 1.0 1.0 0.9
Other, unknown 100 63 32 5 1.0 1.0 1.1

Canada, Alberta
Whites 240 136 90 14 1.0 1.0 1.0
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venous thrombosis, and perhaps stroke.24 Like neural tube
defects, these health outcomes are subject to interacting risk
factors and therefore the relation between genotype and out-
come at a group level is likely to be complex. Nevertheless,
researchers seeking to understand such relations might find
data such as these on the geographical and ethnic variation of
the 677C>T allele helpful.

On a population level, the genotype distribution associated
with the T allele was generally consistent with Hardy-
Weinberg expectations. However, a few significant deviations
did occur, mostly at the ends of the frequency spectrum. An
excess of TT homozygotes was observed in southern Italy
(Campania), where the allele was common, whereas the
reverse was observed in Finland (Helsinki) where the allele
was uncommon. Though these two deviations from Hardy-
Weinberg expectations could be the result of chance and mul-
tiple statistical testing, they might also suggest the presence of
local selective pressures.

In interpreting the findings of this study, one should
consider its strengths and limitations. Although we attempted
to draw unbiased, systematic samples of newborns from
defined populations, sampling strategies varied across areas,
and one cannot be certain that the efforts were always entirely
successful. We provide details on sampling procedures as
guidance to readers who wish to use part or all of these data.
Dealing with race and ethnicity was also a difficult but
inescapable challenge. Classifications based on self report and
particularly on the birth place of the parent or last name are
unsatisfactory to varying degrees. Thus, we present our data
(table 1) either stratified in two groups (the main ethnic group
and all other groups combined), or present data only for the
major ethnic group (for example, Han Chinese). While this
approach does not solve the difficulties entirely, it decreases
the misclassification inherent in defining the many smaller
ethnic groups that coexist in many areas. Other limitations of
this study include the lack of coverage from many areas of the
world, including most of Africa, the Middle East, Latin
America, and the Indian subcontinent.25

Another challenge of this study was addressing measure-
ment error in genotyping. One might speculate, for example,
that deviations in Hardy-Weinberg equilibrium may be the
result of genotyping errors. However, inter-laboratory consist-
ency and quality control measures showed remarkable agree-
ment among laboratories. In addition, the same laboratory
that assayed samples from areas showing deviations from
Hardy-Weinberg equilibrium also assayed the samples from
many areas not showing such deviations, suggesting no
systematic laboratory error.

A strength of the study was the ability to assemble system-
atically relatively large samples from newborns using explicit
sampling protocols. Measures were also taken to ensure the
reliability and comparability of genotypic data across laborato-
ries, including quality control protocols that involved blind
retesting of results and exchange of specimens.

Data from studies such as these can serve several purposes.
Geneticists could find them useful when evaluating the distri-
bution of genetic variation in human populations and its role
in genetic susceptibility to disease. For example, population
data might help geneticists reassess controversial associations
such as that between MTHFR genotypes and risk for Down
syndrome,26–29 for which the evidence favouring the associ-
ation was largely derived from comparisons with convenient
samples of controls. As discussed previously, these genetic
data can help to interpret prevalence gradients of disease, such
as the well known geographical gradients of neural tube
defect occurrence. Similarly, huge amounts of data on other
outcomes, such as other birth defects, pregnancy complica-
tions, certain cancers, adult cardiovascular disease, and
certain psychiatric disorders,3–8 could be called upon to
interpret the prevalence gradients noted in this and other
studies. Our data are offered as a contribution to such investi-
gation.

Population data on the 677C>T variant might also help

population and public health geneticists assess the potential

impact of preventive measures based on environmental modi-

fications. For example, some adverse biochemical effects of the

thermolabile enzyme coded by the T allele, such as the

increase in total plasma homocysteine, appear to be reversible

by increasing the consumption of the B vitamin folic acid.30 If

the effect of folic acid varies by genotype, then the overall

impact in the population of fortification or supplementation

programmes might vary predictably once the genotype distri-

bution is known.

Finally, a practical outcome of this collaborative study was

to show the feasibility of conducting such genetic surveys

using existing networks of hospitals, birth defect registries,

and research institutions. Other research groups have

carefully selected and examined large and representative

samples of newborns from single states or countries (for

example, California14 and Ireland13) and generated genotype

prevalence data. We tried to expand such efforts to an

international scale, and suggest that, with appropriate

planning, such international networks can use their access

and experience in community based studies to provide core

data on the population distribution of common gene variants.

These data in turn can serve as the foundation for studies of

genetic variation and its role in increasing or decreasing

disease risk.
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